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Tuesday, February 10, 2015 347athat small changes in physical parameters can significantly alter this response.
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We studied the effect of pressure on the structure and intermolecular interac-
tions of dense lysozyme solutions in various cosolvent mixtures and upon
addition of various Hofmeister anions using small-angle X-ray scattering in
combination with liquid-state theoretical approaches [1-3]. Supplementary
thermodynamic information was obtained by employing calorimetric tech-
niques, densitometry and ultrasound velocimetry. We show that the particular
structural properties of water and specific ion effects play a crucial major role in
protein stabilisation, notably under high hydrostatic pressure conditions. Also
the effect of confinement on the solvational properties and intermolecular
interaction of proteins was studied, including the effects of self-crowding
and macromolecular crowders on the temperature-pressure stability diagram
of proteins [4]. We also discuss the effect of pressure on the second virial co-
efficient and how pressure can be used to control and fine-tune protein crystal-
lization. Moreover, we present results on the phase behavior of dense lysozyme
solutions in the liquid-liquid phase separation region. A re-entrant liquid-liquid
phase separation region has been discovered at elevated pressures, which orig-
inates in the pressure dependence of the solvent-mediated protein-protein
interactions [3].
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The bacterial acid stress-sensing chaperone HdeA loses structure to gain func-
tion. As enteropathogenic E. coli pass through the severely acidic environ-
ment of the mammalian stomach, HdeA transitions from an inactive, folded
dimer to chaperone-active, unfolded monomers to protect against the acid-
induced aggregation of periplasmic proteins. Toward achieving an atomic-
level mechanistic understanding of the acid stress response of HdeA, we
develop a multiscale modeling approach to capture its pH-dependent thermo-
dynamics. Our approach utilizes pKa calculations from all-atom constant pH
molecular dynamics simulations to alter the coarse-grained model for repre-
senting different pH environments. Changes in the thermodynamics of
binding as a function of pH are explored using the efficient ‘‘Hamiltonian
mapping’’ reweighting formalism. We propose new features of the pH-
sensing mechanism of HdeA that can be directly tested by experiment.
Namely, our model predicts that HdeA is maximally stable under mildly
acidic conditions and that a partially unfolded dimeric intermediate may
contribute to substrate binding. Our multiscale approach is general such
that it can be applied toward understanding pH-dependent functional transi-
tions in other systems and sets a foundation from which to construct models
of HdeA-substrate interaction.
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Folding of most single-domain proteins has been successfully described by
diffusion on a one-dimensional (1D) free energy surface. Although the 1D
surface is smooth, there are many local minima in the underlying energy
landscape, giving rise to landscape ‘‘roughness’’. According to Kramers’
reaction-rate theory, roughness slows folding kinetics by reducing the diffu-
sion coefficient at the top of the free energy barrier that separates folded and
unfolded states. By measuring the transition-path time (tTP) from a maximumlikelihood analysis of photon trajectories in single molecule FRET experi-
ments, we have recently shown that the Kramers diffusion coefficient for a
designed a-helical protein, a3D, is markedly reduced (Chung and Eaton,
Nature,2013). To discover the structural origin of this slow diffusion, we
have combined additional single-molecule FRET measurements with all-
atom molecular dynamics (MD) calculations. a3D contains 12 negatively-
charged and 10 positively-charged side-chains. Analysis of the transition
paths in the MD simulations shows that many non-native salt-bridges form
during the folding transition path, suggesting them as the structural origin
of long tTP . To test this idea, we lowered the pH to neutralize the carbox-
ylates and eliminate salt-bridges, which increased the folding rate by about
10-fold and significantly reduced tTP. Although it was only possible to deter-
mine an upper bound for tTP, even at the highest possible solvent viscosity
(15 cP), simulations of photon trajectories suggested that most, if not all,
of the increase in folding rate could be accounted for by a decreased tTP
and an increased Kramers diffusion coefficient. Neutralizing the carboxylates
in MD simulations also increases the folding rate and diffusion coefficient
and decreases tTP. These results provide the first quantitative glimpse of
the effect of specific intra-molecular interactions on barrier crossing dy-
namics in protein folding.
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Understanding the intricate relationships between protein sequence, structure,
and stability remains a challenge. One major obstacle in understanding these
relationships is the identification of interactions that couple elements of struc-
ture; these interactions are not readily apparent from structure. Recently, the
application of nearest-neighbor models to repeat protein folding have begun
to provide insights into how these systems distribute their energy within, and
between units of protein structure1,2,3. Consensus ankyrin and 34-residue
cTPR protein (aka c34PR) folding can be described using two terms: the
intrinsic energy of individual repeats (DGi), and the interfacial energy between
adjacent repeats (DGi,iþ1).
Here, we extend this approach in two ways using two experimental TPR-like
systems. First, we dissect the whole-repeat nearest-neighbor model by repre-
senting (and resolving) the subunits of the nearest-neighbor model into each
of the two helices (‘‘A’’ and ‘‘B’’) of each repeat. This extended Ising analysis
allows us to quantify coupling energies within and between repeats, as well as
local stability differences of the A and B repeat helices. Second, we explore a
new, longer class of TPR-like proteins with 42 residues per repeat (42PRs,
as opposed to 34 residues for the founding TPR sequence motif), to determine
how variation in helix length and interface structure affects intrinsic and
coupling energy.
By varying the length of constructs in half-repeat increments, we find energetic
heterogeneity at both the intrinsic and interfacial level. Although stabilities are
more homogeneously distributed in the c34PR series (DGAB and DGBA as
well as DGA and DGB are nearly isoenergetic), the distribution is more hetero-
geneous within 42PRs, with a greater energetic separation between intrinsic
and interfacial energies. This leads to greater folding cooperativity within the
42PR series.
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Unlike reactions of small organic molecules, it is not always possible to accu-
rately describe the process of protein folding by a single reaction coordinate.
We enhance the structural resolution of microsecond protein folding experi-
ments by introducing new fluorescent inter-helical contact probes into the
model protein lambda repressor fragment 6-85. We design two new mutants
containing tryptophan and tyrosine residues that interact in the native
state. Temperature jump relaxation experiments on these new mutants, in
348a Tuesday, February 10, 2015combination with a previously available variant, show folding kinetics that is
in correspondence with the results obtained from autocorrelation analysis of
single-trajectory full-atom molecular dynamics simulations for a similar
mutant. Closer investigation of existing all-atom computational data suggests
that helix 2 of lambda 6-85 is involved in a short-lived off-pathway trap, which
is in agreement with experimental data. Our work demonstrates that a match
between fast protein folding experiments and molecular dynamics simulations
can be extended to several reaction coordinates to obtain experimental confir-
mation of deviations from two-state folding behavior even for very simple
folding reactions. As computation becomes more affordable, it will be possible
to simulate both the new probes and any mechanistic deviations that insertion
of the probe causes in experiment.
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Fluorescent proteins (FPs) are used routinely to visualize structural organiza-
tion and protein dynamics. Compared with other mutants, there is a large
demand for red FPs (RFPs) due to the higher transparency of cells and tissue
at longer wavelengths. However, the application of RFPs is limited by the
increased susceptibility to photobleaching [1]. A possible mechanism for
this may be a decrease in structural stability of the beta-barrel, leading
to dark state conversion of the chromophore or oxygen access. To characterize
the relation between photostability and structural stability, we use temperature-
dependent terahertz (THz) time-domain spectroscopy [2]. Temperature depen-
dent terahertz absorbance measurements were made between 80-270K as a
function of photobleaching for mCherry, TagRFP-T and mOrange2 RFP sam-
ples. We find that: 1) the absolute THz response follows the thermal stability,
as defined by the melting temperature; 2) the protein dynamical transition tem-
perature [3] also follows the thermal stability; 3) the thermal stability increases
with photobleaching and 4) the photostability does not follow the thermal sta-
bility. The THz sensitivity to thermal stability is verified by CD measurements.
The higher stability with photobleaching is surprising, but could possibly be a
driving force toward the photobleached state. Our result provides additional
insight into photobleaching mechanism, and introduces a way to estimate
the qualities of FPs.
Platform: Voltage-gated K Channels II
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The slowly activating component of the delayed rectifier potassium current,
IKs, composed of KCNQ1-KCNE1 channel subunits, is an important contrib-
utor to normal cardiac repolarization. Emerging evidence indicates that
KCNQ1 subunits are also expressed in brain, but its precise physiological
role in neuronal function has not been investigated. Potassium channels are
key players in ischemia-induced death of hippocampal CA1 pyramidal neurons
which, in turn, leads to impaired cognition. REST, a gene silencing transcrip-
tion factor, is up-regulated in global ischemia and contributes to neuronal
death. Recently we showed that REST is enriched at the promoter of the
KCNQ1 channel and that KCNQ1 mRNA and protein expression are increased
in post-ischemic CA1 neurons. Additionally, functional KCNQ1 channels were
identified in cultured neurons using KCNQ1-specific inhibitors Chromanol
293B and JNJ-303 and induction of oxygen-glucose deprivation (OGD)
induced a marked increase in KCNQ1 currents (~34%, p > 0.02), evident at
48 h post-ischemia. To assess a possible role for KCNQ1 in ischemia-
induced neuronal death, we induced OGD in dissociated hippocampal neurons
in the absence and presence of Chromanol 293B (100 mM) and treated with pro-
pidium iodine. Inhibition of KCNQ1 markedly diminished cell death, assessed
at 24 h (21%, p > 0.002) and 48 h (28%, p > 0.001) suggesting that an up-
regulation of KCNQ1 channels may contribute to ischemia-induced neuronal
death. To examine a possible role for REST in ischemia-induced up-regulation
of KCNQ1, we performed single-locus ChIP which revealed enrichment for
REST by ~2-fold and a decrease in trimethylation of lysine 27 on histone 3
(H3K27me3), an epigenetic mark of gene repression at the KCNQ1 promoter,
consistent with the increase in KCNQ1 expression after ischemia. Our findingsreveal, for the first time, a role for REST in KCNQ1 expression in response to
ischemic insults.
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TRIP8b, an accessory subunit of hyperpolarization-activated cyclic nucleotide-
gated (HCN) channels, alters both cell surface expression and cyclic nucleotide
dependence of these channels. The mechanism through which TRIP8b exerts
these dual effects is still poorly understood. Besides binding the terminal
three residues of HCN channels, TRIP8b also binds directly to the cyclic
nucleotide-binding domain (CNBD). A small central portion of TRIP8b,
termed TRIP8bcore, is involved in this interaction. Binding of TRIP8bcore to
the CNBD dramatically reduces the effects of cAMP on the channel. Using
spectroscopic and biochemical techniques, we sought to understand how and
where TRIP8b binds to the CNBD and how it reduces the cyclic nucleotide
dependence of HCN channels. To closely examine the binding of TRIP8bcore
to the CNBD, we used double electron-electron resonance (DEER) at
Q-band frequencies to study conformational changes in the soluble CNBD of
HCN2 in the presence of TRIP8b and cAMP.We show that the overall structure
of the TRIP8b bound conformation of the CNBD closely resembles the apo
state. In addition, we use DEER between the CNBD and TRIP8bcore and
nuclear magnetic resonance (NMR) to localize the binding site for TRIP8b
on the CNBD. Finally, to understand the mechanism of TRIP8b inhibition of
cAMP regulation of HCN channels, we performed binding studies of cAMP
and TRIP8b on the CNBD and developed a multi-state mathematical model
to explore 1) whether cAMP and TRIP8b can bind simultaneously to HCN
channels, 2) whether TRIP8b reduces the affinity for cAMP binding, and 3)
whether TRIP8b reduces the effect of cAMP on HCN channels by preventing
the structural rearrangements associated with channel opening.
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So far, 12 sodium-activated potassium channel (KCNT1, Slack) genetic mu-
tants had been found in severe early-onset epilepsy patients by whole genome
sequence. However, the biophysical properties change of these mutated Slack
channels and the underlying mechanisms had not been fully investigated. In
this abstract, we first measured the KD value of sodium sensitivity of these
mutant channels by inside-out patch. We found that two mutants (R409Q
and R455H) on the RCK1 domain and one mutant (Y775H) on the RCK2
domain decreased the KD value of sodium sensitivity. Furthermore, we found
that the double mutant (R455H/R409Q) on RCK1 domain can decrease KD
value of sodium sensitivity further, reflecting these mutants allosterically
regulated sodium affinity of Slack channel. In addition, electrophysiology
and molecular simulation reflected the mutant Y775H may directly facilitate
sodium binding of Slack channel. Second, single channel recording data
revealed that all mutants lead to over-activity of Slack channel even if they
did not change the sodium sensitivity. We set up a two-step activation model
to explain the gating mechanism change and concluded that these mutant
channels lead to channel over-activity can be categorized as two different
mechanisms.
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A continuous water column is shown to exist in the pore of a potassium chan-
nel. Quantum calculations (HF/6-31G*) were performed on the Kv1.2 channel
(pdb:2A79/3Lut), giving the structure of the pore with 50 water molecules.
Calculations were done with 0, 1, or 2 ions. The protein from the PVPV intra-
cellular gating region to the entrance to the selectivity filter, including the
tyrosine of the TVGYG sequence (z14.1 A˚) was included, with water ex-
tending slightly past the region. Results show how the ion(s) restructure(s)
